Introduction
This tutorial will introduce the usage of the power supply, digital Multimeter and ELVIS for ECE3043 laboratory class in order for students to get familiarized and comfortable using these devices.
Power Supply
The power supply used in the laboratory is Hewlett Packard 3630A Triple DC. • It has three power supplies that are internally joined which produces three separate and adjustable DC voltages 6V, +20V and -20V (see Fig.1 -3, 5 and 6).
• One output ( Fig.1 -3) varies from 0V to 6V and has a larger maximum current capacity when using with integrated circuits (ICs).
• The other two outputs ( Fig.1 -5, 6 ) produce ± voltages that can be varied from 0V -20V by using the ±20V rotary nob ( Fig.1 -8 ) They are used to bias op amp circuits and/or transistor circuits.
• The input jack called COM ( Fig.1 -4 ) is shared by all three power supplies. So the + 6V output is +6V above common and the -20V output is 20V below common, etc. In the following experiments throughout the semester, when asked to connect a pin to the ground of the power supply, it means to connect it to COM. • The input jack on the far right ( Fig.1 -7) is normally not used and is connected to the ground wire in the AC power cord for the instrument.
Digital Multimeter (DMM)
The DMM used in the laboratory is the Agilent 34401A. • It can be used to measure DC or AC voltages and currents as well as frequencies and resistances.
• It is known as 6 1 2 digits which means that the resolution is limited to 6 1 2 digits. If there are 7 digits displayed the most significant digit (leftmost on the display) will be either 1 or 0 due to the way the instrument performs an AD (Analog-to-Digital) conversion.
• Both the power supply and DMM have female banana jack plugs. The types of leads that are used to connect circuits to either instrument are known as banana plugs (Fig.3) 
How to Use the Waveform Generator and Oscilloscope
Introduction This tutorial will introduce the usage of the waveform generator and oscilloscope for ECE3043 laboratory class in order for students to get familiarized and comfortable using these devices.
Waveform Generator (FG)
The signal source for this lab is the Agilent 33522A Function/Arbitrary Waveform Generator. It can produce basic waveforms to frequencies from a few Hertz to 30 MHz. ∑ In addition, an arbitrary waveform can be inserted into the waveform RAM memory using software. ∑ It also has a Synch Output, which is a TTL signal (0 -5V) used primarily for synchronization purposes. (Fig 1-2 ) ∑ It has two separate outputs that can be independent or ganged together and the amplitude and frequency varied. The output connectors are female BNC (Bayonet N Connector) which is a cylindrical conductor system. (Fig 1-3) Oscilloscope (Scope) The oscilloscope for this lab is the Agilent DSO-X 3012A, a two-channel 100 MHz instrument that displays one or two signals as functions of time. ∑ It has a maximum sampling rate of 4 GSa/s. As long as the significant frequency content is below 100 MHz, the waveforms will be undistorted. ∑ It also has an EXT TRIG input (located on the back) that is used for synchronization purposes. ∑ The input connectors are female BNC connectors (Fig 2-2) Procedures to get familiar with the Waveform Generator and Oscilloscope 1. Turn on the scope and FG with the on/off buttons (Fig 1-1, Fig 2-1) . Wait for the instruments to boot. 2. Obtain a male BNC to male BNC connector from the wall rack; this is a coaxial lead with a characteristic impedance of 50Ω. (Fig 3) 3. Connect CH1 Output on the FG to CH1 input on the scope. Align the metal ridge with the metal slot and rotate clockwise until it clicks into place. 4. Do not press the button "Start 30-day Trial" on the scope and do not change the language to anything other than English. 5. Press the 1 button above the CH1 Output on the FG. 6. On the menu that appears under the display on the FG, switch the Output to On, Output Load to High Z (High Z means the FG is to expect a load other than 50Ω which is the characteristic impedance of the coaxial lead used for high frequency applications). 7. On the buttons to the right of the display on the FG press Waveforms (Fig 1-4) and select sine. (Fig1-4) , change the frequency to 1 kHz (use the numeric pad to the right of the display), and Amplitude to 2Vpp (voltage peak to peak -the difference between the top and bottom of the waveform, this is only correct if High Z was set). 9. On the scope press the Default Setup button (Fig 2-3) and then press Auto Scale (Fig 2-4) 10.On the scope, make sure the Ch1 button is illuminated. Then press it to change the menu under the display. Which should indicate the coupling for CH1 and input impedance of 1MΩ (don't change either). 11.Note that the display states in the upper left hand corner which channel is active, the VOLTS/DIV for that channel (there are 8 major vertical divisions) and the TIME/DIV (there are 10 major horizontal divisions). 12.On the left at the beginning of the sine wave there is a small T indicating the trigger setting indicating that the scope is being triggered by the waveform on CH1, and the trigger level. The absence of the T means that the scope is being triggered by the external input and not Ch1. You can change it by pressing the Trigger button (Fig 2-5 ) and changing the Source from Ext to 1 on the screen. 13.In addition, there is a small picture of a ground indicating where 0 volts is located. 14.To the right of the display it states that the current sampling rate (Sa/s), the trigger mode (Normal), and that each channel is DC coupled and set for a times 1X probe. 15.On the FG press Waveforms and select square. 16.On the FG press Duty Cycle, vary the rotary knob (Fig 1-4 ) and note and record the effect. The duty cycle is the percentage of the time the waveform is at the upper level.
Press Parameters

Computer Automated Measurements
Connecting a computer to laboratory instruments makes possible the automation of many laboratory tasks. Data measurement, processing, storage, and display can be automated. The mechanisms to connect pcs to laboratory instruments are LAN, GPIB, USB, and RS232.
Bode Plots
A Bode plot is a graph of the gain and phase of a two port versus the frequency of excitation. The gain is normally plotted in decibels and the phase in degrees and the frequency in Hertz. The two linear graphs are usually plotted in cascaded windows so that the behavior can be determined at a specific frequency.
Figure 1. RC LPF Two Port Network
Shown in Fig. 1 is a two port network. The input port is the two terminals across which the input voltage v i(t) is connected and the output port is the two terminals across which the output voltage vo(t) is connected. A voltage source e(t) is used as the input. The amplitude of the input source is held constant while the frequency is swept from a start to a stop frequency (for example, from 100Hz to 100kHz). The input and output voltages may be measured with either an AC voltmeter (DMM set to measure AC voltage) or an oscilloscope. A voltmeter can only measure the magnitude of an AC voltmeter; if phase measurements are required an oscilloscope is necessary. If an oscilloscope is used both of the ground leads must be connected to the ground node shown in Fig. 1 .
Magnitude Bode Plot with Agilent FG and DMM using LabVIEW Amplitude Frequency Response
• Assemble the circuit shown in Fig. 1 on YOUR breadboard (do not use the ELVIS breadboard). Use R = 15 kΩ and C = 0.01 µF.
• Connect the Agilent FG to the input [it is e(t)] using a coaxial cable BNC to alligator clip lead.
• Connect the DMM (voltage inputs in upper right of instruments) to the output using two banana jack leads. • Press Run. After the frequency sweep has concluded (this might take some time depending on the No of points used) use the mouse to place a cursor (a thin red line at the top of the plot that can be dragged down) at -3 dB frequency for the circuit. At the bottom right of the screen there is a table that indicates where the cursor points are.
• Press Print Screen and use Paint to place the screen shot into the laboratory report.
• Obtain a Verification Signature.
• Close the LabVIEW program and answer each question with NO.
Magnitude Bode Plot with Agilent FG and DMM using VEE Amplitude Frequency Response
• Connect the DMM (voltage inputs in upper right of instruments) to the output using two banana jack leads. • Do not change frequency range.
• Press run (green arrow on top of screen).
• Right click on the plot, go to properties, these will be on the left side of the screen, scroll down to markers, and use the drop down box to select one cursor and turn the other parameter on.
• Position a cursor at the minus 3 dB frequency.
• Do a print screen and use Paint to put the Screen shot into the lab report.
• Obtain a Verification Signature and close the program.
• Remove the connections from the circuit to the DMM.
Magnitude Bode and Phase Plots with Agilent FG and Agilent Scope using VEE Amplitude Phase Frequency Response
• Connect the input of the circuit to CH1 of the scope using BNC to alligator clips coaxial leads.
• Connect the output of the circuit to CH2 of the scope using BNC to alligator clips coaxial leads.
• The function generator is (still) connected to the input. To make the table just write d= and press enter.
